Rac1 and calmodulin interactions modulate dynamics of ARF6-dependent endocytosis.
The main cellular Ca(2+) sensor, calmodulin (CaM), interacts with and regulates several small GTPases, including Rac1. The present study revealed high binding affinity of Rac1 for CaM and uncovered two new essential binding domains in Rac1: the polybasic region, important for phosphatidylinositol-4-phosphate 5-kinase (PIP5K) interaction, and the adjacent prenyl group. CaM inhibition increased Rac1 binding to PIP5K and induced an extensive phosphatidylinositol 4,5-bisphosphate (PI4,5P(2) )-positive tubular membrane network. Immunofluorescence demonstrated that the tubules were plasma membrane invaginations resulting from an ADP-ribosylation factor 6 (ARF6)-dependent and clathrin-independent pathway. The role of Rac1 in this endocytic route was analyzed by expressing constitutively active and inactive mutants. While active Rac1 impaired tubulation, the inactive mutant enhanced it. Intriguingly, inactive mutant expression elicited tubulation by recruiting PIP5K and inhibiting Rac1 at the plasma membrane. Accordingly, CaM inhibition inactivated Rac1 and increased Rac1/PIP5K interaction. Therefore, our findings highlight an important new role for Rac1 and CaM in controlling clathrin-independent endocytosis.